Introduction
Sarcopenia, defined as an age-related loss of muscle mass and low muscle function, may be the most prominent component of frailty, disability, and morbidity in older people. 1, 2 Although this relatively new geriatric syndrome 3 represents a challenging burden for health care systems not only, but particularly, in developed countries, 4 its prevalence in the elderly population was reported to vary widely. 5 For example, for comparable European industrial nations (Belgium, Denmark, Finland, France, Holland, and Northern Italy), the prevalence of sarcopenia for female cohorts 70 years+ ranges from 0.9% 6 to 52.9%. 7 This finding was related to different definitions of sarcopenia with varying methods, cutoffs, and algorithms. 8, 9 Additionally, the specific national situation with its social background and health resources may affect the transition from independence to institution 10 and thus the prevalence of sarcopenia in the older communitydwelling (CD) cohort.
In Germany, the prevalence of sarcopenia in CD older people is unknown. However, to generate tailored interventions, it would be important to identify the prevalence of this geriatric syndrome in this cohort. Thus, the primary aim of this article was to determine the prevalence of sarcopenia in Germany according to the European Working Group on Sarcopenia in Older People (EWGSOP) definition 8 that may be the most accepted protocol in this area. Our second and subordinated research question addressed a more clinical issue and evaluates whether and to which degree osteoarthritis (OA) of the hip and lower limbs, which is rather common in older people, was related to higher sarcopenia prevalence rates.
Our main hypothesis was that the prevalence of sarcopenia according to the EWGSOP-proposal is relatively low (,5%) in CD German females 70 years and older. The secondary hypothesis was that the prevalence of sarcopenia is significantly higher in participants with OA at the hip and lower limbs compared with nonarthritic peers.
Methods
The FORMoSA project (Bavarian Research AssociationSarcopenia and Osteoporosis) was implemented by a Bavarian research network that addresses sarcopenia and osteoporosis under several research aspects. Our research group focuses on the prevalence and nonpharmacologic therapy of sarcopenia and sarcopenic obesity in older females. This article is based on screening data (July-November 2014) from the project. The study was initiated by the Institute of Medical Physics and the Institute of Biomedicine of Aging, University of Erlangen-Nuremberg, Germany and approved by the University Ethics committee (Ethikantrag 905, 4209, 4914 B). All study participants gave written informed consent. FORMoSA was registered under www.clinicaltrials.gov (NCT02356016).
Primary endpoint
Sarcopenia as defined by the EWGSOP. 
Participants
Using citizen registration records, the entire population of 7,908 female participants 70 years and older, living independently in the area of Erlangen, Germany, were contacted by personal letters with detailed study information including the most relevant eligibility criteria for the study. Of the 1,401 women who replied, 1,343 were included in the screening process after application of our eligibility criteria: 1) females, 70 years and older and 2) living independently (autonomous at home, in the community) in the area of Erlangen. Participants were assessed independent of their race; however, only white (Caucasian) participants were included in the analysis (n=1,325). Table 1 shows the characteristics of the eligible participants. Table 2 shows the characteristic of this cohort.
Assessment of anthropometry and body composition parameter
Height was assessed using a Harpenden stadiometer (Holtain Ltd, Crymych, Pembs, UK), body mass, and composition (total and regional fat and fat-free body mass) were determined using segmental multifrequency Bioelectrical Impedance Analysis (BIA; Inbody 770, Biospace Co., Ltd., Seoul, Korea). This device was used to measure impedance of the trunk, arms, and legs separately with a tetrapolar eight-point tactile electrode system that applied six frequencies (1, 5, 50, 250, 500, and 1,000 kHz).
Total ASMM was based on the sum of the lean body mass (LBM) of the extremities (upper and lower limbs). Relative ASMM was calculated by dividing the total muscle mass (kg) by the height squared (m 2 ). Using the relative ASMM mean value of -2 SDs of the young reference sample (Table 2) , the cutoff value for sarcopenia for our cohort was #5.66 kg/m 2 .
Assessment of functional sarcopenia parameters Muscle strength
Handgrip strength was measured using a Jamar hand dynamometer (Sammons Preston Inc, Bollington, USA). The width of the dynamometers grip was individually adjusted to the hand size of the participant. Tests were performed in an upright standing position, arms down by the side. Two test trials were performed, both for the dominant and nondominant hand; the best trial was included in the analysis.
gait speed
Gait speed was assessed according to the 10 m test protocol of Fritz and Lusardi. 16 Tests were performed twice without any walking aims. Participants were asked to walk 14 m in their usual gait speed using their regular shoes. Participants started in a standing position 2 m before the first photo sensors (HL 2-31, TagHeuer, La Chaux-de-Fonds, Switzerland) and stopped 2 m after the second photo sensors, resulting in a steady-state measurement over 10 m. 
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Assessment of OA
Questionnaires, personal interviews, and medical letters were used to determine OA. First, all the participants were requested complete general questionnaires to report the incidence of OA and other relevant diseases (see "General characteristics, covariates, and comorbidity" section). Questionnaires were checked by research assistants in close cooperation with the participants. Subjects who listed or reported diseases after inquiry were further interviewed with respect to the corresponding disease. Initially, 246 participants suffered from OA. However, after detailed inquiry, only those subjects who said they had OA based on the diagnosis of their physician were requested to complete a questionnaire that asked for incidence, severity, and localization of OA (n=241). The research assistants then interviewed those participants to verify the data. In cases of doubt, written OA indications attested by the responsible physician were requested. OA indication of nine participants was vague and not confirmed by their physician; thus, in total, 232 subjects were included in the OA group.
General characteristics, covariates, and comorbidity
Beside general characteristics (eg, family and educational status, occupational career, and menopausal age), questionnaires and short interviews were conducted with all participants (n=1,343) to ascertain diseases, medication, and lifestyle with special emphasis on physical activity and fitness using a dedicated questionnaire. 17 Participants were asked to list their medication and diseases at home, and the research assistants then checked the questionnaire for completeness and accuracy together with the participant. Specific interviews and questionnaires aimed at confirming and operationalizing specific diseases (eg, osteoporosis, coronary heart diseases, diabetes mellitus, OA) listed by the participants were finally conducted in close cooperation with the participants. In cases of doubt, written indications attested by the responsible doctor were requested.
Statistical analysis
Descriptive statistics (ie, mean values with SD (MV ± SD), and proportions) were used to describe characteristics and key parameters of the study cohort. Additionally, the range and 95% confidence interval have been given in Table 1 to characterize the young study cohort that represents the basis of our T-Score-derived relative ASMM calculation 12 more clearly.
Differences between the groups categorized for either age (Tables 1 and 3) or OA (Table 4) Tables 1, 3 , and 4. Although at least our secondary hypothesis would allow a one-tailed test procedure, for consistency and conservativeness, all the tests were analyzed with a more discrete two-sided testing procedure with a P-value of less than 0.05 considered as statistically significant. SPSS 21.0 (SPSS Inc, Chicago, IL, USA) was used for all statistical procedures.
Results
General characteristic of the study participants were given in Table 1 . With respect to anthropometric data, lifestyle, number and distribution of diseases, and medication, the results for our cohort coincide with Bavarian and German data. 15, 18 The same is true for family, education, and social status (not given in Table 1 ). Further, the age distribution among our cohort was comparable with Bavarian or German data for CD females 70 years and older.
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Prevalence of sarcopenia in German (Northern Bavaria) women 70 years and older Table 3 shows the parameters that constituted "sarcopenia" according to the EWGSOP proposal 8 for all (n=1,325), women ,80 years (n=1,022) and women 80 years and older (n=303). Significant differences between the groups (,80 vs $80 years) were observed for all sarcopenia criteria.
Applying the algorithm of the EWGSOP proposal (Figure 1 ), the prevalence of sarcopenia in our cohort was 4.5% (70-79 years: 2.8% vs $80 years: 9.9% P,0.001) (Figure 1 ). In detail (Figure 1 ), only 55 women failed to reach the cutoff value of #0.8 m/s for gait speed and were thus immediately assessed for muscle mass. For the remaining 1,268 females faster than 0.8 m/s, a grip strength lower than 20 kg (n=237) led to a subsequent muscle mass assessment, while subjects with normal grip strength (and normal gait speed) were defined as nonsarcopenic. Thus, finally muscle mass was determined in the 291 remaining women. Following the EWGSOP criteria for low muscle mass (ie, #5.66 kg/m 2 for our cohort), altogether 59 subjects were categorized as "sarcopenic" while 232 were nonsarcopenic according to the EWGSOP algorithm. 8 Thus, hypothesis 1 confirmed that the prevalence of sarcopenia in CD females 70 years and older was low (,5%). Table 4 shows the characteristics of participants with and without OA at the hip and lower limbs. As expected, age varies significantly between the groups; however, total difference only averaged ≈1.3 years. More importantly, the groups differ significantly (P,0.001) for parameters that may relevantly affect muscle mass and functional capacity (ie, body fat, number of diseases, long-term glucocorticoid use, physical fitness, and participation in sports and exercise).
Effect of OA on sarcopenia prevalence
Differences of sarcopenia parameters given in Table 4 were not consistently aligned. While functional sarcopenia parameters were significantly lower in women suffering from OA at hip and lower limbs compared with women without OA (-10% to 12%; P,0.001), a slightly higher relative ASMM (0.6%, P=0.480) was determined for the arthritic participants.
In parallel to Figure 1 and the EWGSOP algorithm described earlier, Figure 2 shows the procedure to determine sarcopenia prevalence in participants with OA and without OA (no arthritis [NA] ) at the hip, knee, or ankle joint. In accordance with the descriptive sarcopenia parameters given in Table 3 , the proportion of women meeting the sarcopenia criteria for gait speed (#0.8 m/s: OA: 11.6% vs NA: 2.6) and grip strength (,20 kg: OA: 29.9% vs NA: 16.6%) differs significantly (P=0.001) between the groups. Also, the difference between OA and NA participants with low muscle mass (#5.66 kg/m 2 ) remained nonsignificant (OA: 23.9 vs NA: 18.7; P=0.327) during the final step (measure muscle mass) of the EWGSOP assessment. However, the low(er) sample size of remaining participants during this final step may contribute to the lack of significant results.
In summary, the prevalence of sarcopenia in women with OA compared with NA peers was significantly higher than in women without corresponding limitation.
Thus, hypothesis 2 confirmed is that the prevalence of sarcopenia was significantly higher in participants with OA compared with nonarthritic peers. 
Discussion
To our knowledge, this is the first study to address the prevalence of sarcopenia in CD older females in Germany. In summary, the overall prevalence rate was relatively low (4.5%) in this cohort of Bavarian (German) females 70 years and older. This can also be applied for our subgroup of females 80 years or older (9.9%). Reviewing the literature, CruzJentoft 5 reported a prevalence rate of 1%-30% in women 50 years and older. Although only studies that applied the EWGSOP definition (ie, muscle mass, muscle strength, or functional performance) were included, the methods to determine these parameters vary widely. As an example, the study that reported the highest sarcopenia rate (30.1%) determined midarm circumference 19 in Italian females 80-85 years old. Additionally, the inconsistency of the diagnostic muscle mass criteria (eg, LBM, SMM, and ASMM), the corresponding calculation (ie, muscle mass adjusted for height, 12 weight, 20 or/and fat mass 21, 22 ), and the cutoff definition (T-Score vs Z-Score based) complicate a meaningful comparison of the present studies.
Limiting the data to CD European females 70 years and older applying the EWGSOP algorithm and using dualenergy X-ray absorptiometry (DXA) or segmental multifrequency BIA devices to determine ASMM (kg/m 2 ), sarcopenia prevalence ranges from 0.9% in 70-to 80-year-old Finnish women 6 to 20.2% for a female Belgian cohort 65 years and older. 23 Our result basically confirmed the lower rates of Patil et al, 6 especially when taking into account that the authors used the lower ASMM cutoff value of Baumgartner et al 12 reported a significantly higher gait speed for 10 m compared with the 4 m walking trial in a cohort of elderly outpatients, this result was not confirmed for healthy, CD elderly people 65 years and older. 25 However, it is noticeable that gait speed among the present study (1.29±0.23 m/s) was considerably higher than described for a comparable cohort. 26 In contrast,
per the EWGSOP algorithm, participants with gait speed above 0.8 m/s were not excluded but assessed additionally for handgrip strength, which proved to be in the range of normative data for this cohort, 27 however. Thus, in summary, the finding that sarcopenia prevalence may considerably vary between neighboring countries despite highly comparable or even identical sarcopenia definition, criteria, method, cutoff, sex, age, social system, and origin was unexpected and should be addressed by dedicated studies.
Addressing our second and subordinated research topic, we demonstrated that sarcopenia prevalence in CD women 70+ years was significantly higher in women with OA at the hip and lower limbs.
Indeed, clinical evidence suggests that both conditions may be linked via functional and cellular pathways. 28 With respect to the functional pathway, lower limb muscle weakness favors OA progression and vice versa. 29, 30 Indeed, habitual walking speed was significantly lower in the OA group compared with the NA group, a result confirmed by Waters et al 31, 32 Additionally, a higher proportion among our OA group (OA: 19% vs NA: 13%) showed OA of the hand and finger joints, which may explain 33 the lower handgrip strength of this group. However, we are unable to determine a lower ASMM (or lower limb muscle mass) in the OA subgroup compared with the NA group (Table 4) . This finding was not expected. In addition to the functional interaction of muscle and cartilage, chondrocytes and skeletal muscle cells share common pathological pathways; 28 thus, muscle mass in participants with OA should be reduced. However, a recent review the literature on OA and sarcopenia (ie, low muscle mass) 34 stated that neither a direct effect of sarcopenia on OA development nor the opposite relation can be supported on the basis of the present literature. In summary, although more dedicated studies should address this issue, the study provided some evidence that OA contributed to the development of sarcopenia in elderly females. As a clinical implication, physicians should be aware of an increased risk of sarcopenia in their patients with OA. Consequently, these patients should be encouraged to start dedicated exercise programs and protein/vitamin D supplementation to maintain or increase their muscle mass.
However, some features or limitations may reduce the evidence of the present studies, especially with respect to our secondary hypothesis: 1) It can be argued that the spatial restriction on a single German region and/or incomplete compliance of the participants contacted (16.8%) generated a sampling bias that prevents generalization of our results. We are unable to completely negate this argument, although the most important anthropometric (eg, body mass index and age distribution), demographic (eg, education and family status), and health (eg, diseases and medication) and lifestyle parameters (eg, smoking, and habitual physical activity) of our cohort corresponded with Bavarian or German data for CD women $70 years. 15, 18, 35 However, participation in sports and exercise by our cohort (59.5%) was considerably higher than reported for the basic population of German females $65 years (50.8%). Since the study participants undertaking exercise demonstrated a significantly higher gait speed compared with their sedentary peers (1.32 vs 1.18 m/s), this may contribute to the exceptionally high gait speed in our cohort. Due to varying exercise participation in the OA vs NA group (Table 4) , this factor may also affect the OA/sarcopenia issue, although the corresponding cause-effect association (ie, chicken-egg problem) remains unclear. 28 2) A limitation with respect to our second research aim was the cross-sectional nature of the study with the corresponding restricted ability to determine causal effects. 3) Also our procedure for recording OA incidence via questionnaires and interviews alone was suboptimum. Retrospectively, a specific evaluation of OA using more sophisticated assessments and diagnostic tools may have allowed a more comprehensive analysis including the application of logistic regression models to determine the independent effect of OA on sarcopenia prevalence. 4) With respect to body composition assessment, we decided to use segmental multifrequency BIA for two main reasons. First, BIA is considered as a time-and costeffective technique with portable devices and thus optimal for screening of large cohorts. 36 Further, due to the lack of radiation, this technique is highly accepted and can be applied without any ethical or administrative restrictions. With respect to the accuracy of this technique, Beaudart et al 37 reported a systematic overestimation of muscle mass when compared with DXA that is still the "golden standard". However, other researchers and we do not share this opinion. [38] [39] [40] Particularly, Ling et al 38 reported an "excellent agreement" of BIA (InBody 720, Biospace Ltd, Seoul, Korea) and DXA (QDR 4500a; Hologic, Bedford, MA, USA). In any case, since our cutoff for "low muscle mass" is based on either a young reference cohort (,−2 SD T-Score) or the distribution (lowest quintile) within the own cohort as assessed with the same BIA device, prevalence rates should not be affected.
